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DEVICE

(57)  Apurpose of the application is to provide a sem-
iconductor device production method capable of reduc-
ing complexity of production operations and keeping pro-
duction costs low, and enhancing reliability, and a sem-
iconductor device. One aspect of the invention provides
amethod of producing a semiconductor device, the meth-
od including a first bonding step of bonding a first surface
of a first electrode plate and a first surface of a semicon-
ductor device portion, and a second bonding step of

FIG. 2

METHOD FOR MANUFACTURING SEMICONDUCTOR DEVICE AND SEMICONDUCTOR

bonding a second surface of the semiconductor device
portion and a first surface of a second electrode plate.
The method includes a sealing step of forming a sealed
composite body by covering target surfaces of a com-
posite body of the first electrode plate and the semicon-
ductor device portion formed by the first bonding step
with resin, the target surfaces being surfaces other than
a second surface of the first electrode plate and the sec-
ond surface of the semiconductor device portion. The
second bonding step is performed after the sealing step.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a method for
producing a semiconductor device provided with elec-
trode plates connected to electrodes and placed on both
sides of a power device, and to a semiconductor device.

BACKGROUND ART

[0002] In conventional methods for producing semi-
conductor devices provided with electrode plates on both
sides of a power device (semiconductor device), elec-
trode plates were bonded to both sides of the power de-
vice to form a composite body, after which this composite
body was sealed with a thermosetting resin such as an
epoxy resin (resin sealing step).

Thermosetting resins such as epoxy resins have such
characteristics as cure shrinkage where they undergo
volumetric shrinkage due to a bridging reaction when
hardening at a high temperature, and heat shrinkage
where they undergo volumetric shrinkage when cooled
from a high-temperature state.

[0003] In a semiconductor device provided with elec-
trode plates on both sides of a power device, the two
electrode plates provided on both sides of the power de-
vice are separated a certain distance away from each
other, with the power device, an electrode plate block
and the like being provided between the electrode plates.
In the resin sealing step mentioned above, the space
between these two electrode plates was sealed with a
thermosetting resin (hereinafter referred to as sealing
resin). However, whenthe sealing resin injected between
the two electrode plates undergoes shrinkage due to cure
shrinkage or heat shrinkage, the two electrode plates try
to approach closer to each other, while the power device,
electrode plate block and the like come in their way. This
may result in stress applied to the bonded portion be-
tween the sealing resin and electrode plates to cause
separation, which may eventually lead to separation of
the sealing resin and electrode plates when the bond
strength between the sealing resin and electrode plates
is overcome by this stress, whereby reliability of the sem-
iconductor device may be reduced.

Similarly, there is a possibility that reliability of the sem-
iconductor device may be reduced because ofthe sealing
resin and electrode plates separating from each other in
thermal cycles under a usage environment of the semi-
conductor device.

[0004] Accordingly, Patent Document 1 discloses a
technique wherein a coating of resin such as polyamide
resin or polyimide resin is applied between the sealing
resin and electrode plates to enhance intimate contact
between the sealing resin and electrode plates and to
improve reliability of the semiconductor device.

10

15

20

25

30

35

40

45

50

55

RELATED ART DOCUMENTS
PATENT DOCUMENTS

[0005] Patent Document 1: JP 2003-188318A

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0006] However, the resin coating such as polyamide
resin or polyimide resin used in the technique of Patent
Document 1 is expensive. Moreover, in application of a
resin coating, an additional step of inspecting the resin-
coated portion for any uncoated spots or any entrapped
airis required. Therefore production costs are increased
with the technique of Patent Document 1.

[0007] Further, in order to apply a resin coating so that
the electrode plates or power device are not exposed on
inner sides of electrode plates on both sides of the power
device, they mustbe immersed in a tank filled with a stock
solution of resin coating. In this process, additional steps
are necessary such as a step of preliminarily masking
portions that must not be electrically insulated by the resin
coating (for example control lines connecting the power
device and control terminals) prior to the application of
the resin coating or a step of cleaning after the application
of the resin coating. Therefore production operations are
complex with the technique of Patent Document 1.
[0008] Accordingly, the present invention has been
made to solve the problems described above and has an
object to provide a method of producing a semiconductor
device with which reliability of the semiconductor device
can be improved while complexity of production opera-
tions is reduced and production costs are kept low, and
a semiconductor device.

MEANS OF SOLVING THE PROBLEMS

[0009] One aspect of the present invention made to
solve the problems above provides a method of produc-
ing a semiconductor device, the method including a first
bonding step of bonding a first surface of a first electrode
plate and a first surface of a semiconductor device por-
tion, and a second bonding step of bonding a second
surface of the semiconductor device portion and a first
surface of a second electrode plate, wherein the method
includes a sealing step of forming a sealed composite
body by covering target surfaces of a composite body of
the first electrode plate and the semiconductor device
portion formed by the first bonding step with resin, the
target surfaces being surfaces other than a second sur-
face of the first electrode plate and the second surface
of the semiconductor device portion, and the second
bonding step is performed after the sealing step.

[0010] According to this aspect, since the second elec-
trode plate is not bonded to the composite body yet in
the sealing step, stress generated in the resin by shrink-
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age thereof is released so that the first electrode plate
and the semiconductor device portion do not separate
from the resin, whereby reliability of the semiconductor
device is improved.

Further, since a resin coating such as polyamide resin
or polyimide resin need not be provided, production costs
are kept low and complexity of production operations is
reduced.

It should be understood that an embodiment of the sem-
iconductor device portion includes a composite body of
a semiconductor device and an electrode plate block.
[0011] In the above aspect of the present invention, it
is preferable that the sealing step includes forming the
sealed composite body by covering the target surfaces
of the composite body and the second surface of the
semiconductor device portion with the resin and then re-
moving the resin covering the second surface of the sem-
iconductor device portion.

[0012] According to this configuration, when covering
the composite body inserted in a mold with resin, for ex-
ample, a clearance can be provided between the second
surface of the semiconductor device portion and the
mold. This can prevent interference between the second
surface of the semiconductor device portion and the mold
due to dimensional variations in various constituent parts
of the composite body.

[0013] In the above aspect of the present invention, it
is preferable that the second bonding step includes heat-
ing the sealed composite body to a temperature that is
lower than a heat prooftemperature of the resin and lower
than a melting point of a first bonding material for bonding
the first surface of the first electrode plate and the first
surface of the semiconductor device portion.

[0014] According to this configuration, the resin does
not undergo degeneration or deterioration, the first elec-
trode plate and the semiconductor device portion do not
separate from the resin, and the first bonding material
can bond the second surface of the semiconductor de-
vice portion and the first surface of the second electrode
plate without undergoing melting and/or degeneration.
[0015] In the above aspect of the present invention, it
is preferable that the second bonding step includes pro-
viding a through hole in the second electrode plate ex-
tending through the second electrode plate to open on
its first and second surfaces, and supplying a second
bonding material through the through hole for bonding
the second surface of the semiconductor device portion
and the first surface of the second electrode plate.
[0016] According to this configuration, the second
bonding material can be easily supplied from the through
hole to the portion between the second surface of the
semiconductor device portion and the first surface of the
second electrode plate.

Any redundant second bonding material will spill out of
the through hole, so that the control accuracy of the sup-
ply amount of the second bonding material can be low-
ered.

[0017] Inthe above aspect of the present invention, it
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is preferable that the second bonding step includes heat-
ing the second electrode plate to a temperature that is
higher than a melting point of the second bonding mate-
rial for bonding the second surface of the semiconductor
device portion and the first surface of the second elec-
trode plate, and applying the second bonding material to
the first surface of the second electrode plate.

[0018] According to this configuration, with the second
bonding material being applied to the first surface of the
second electrode plate, the second bonding material can
easily be kept in a molten state and brought into intimate
contact with the second surface of the semiconductor
device portion, to bond the second surface of the semi-
conductor device portion and the first surface of the sec-
ond electrode plate.

[0019] In the above aspect of the present invention, it
is preferable that the second bonding step includes heat-
ing the second electrode plate to a temperature that is
higher than a melting point of the second bonding mate-
rial for bonding the second surface of the semiconductor
device portion and the first surface of the second elec-
trode plate, and applying the second bonding material to
the first surface of the second electrode plate.

[0020] According to this configuration, the second sur-
face of the semiconductor device portion and the first
surface of the second electrode plate can be bonded with-
out a gap formed between the sealed composite body
and the upper electrode plate. Therefore, the bonding
layer for bonding the second surface of the semiconduc-
tor device portion and the first surface of the second elec-
trode plate is maintained even if the upper electrode plate
is subjected to an external force.

[0021] Another aspect of the present invention made
to solve the problems above provides a method of pro-
ducing a semiconductor device, the method including a
first bonding step of bonding a first surface of a first elec-
trode plate and a first surface of a semiconductor device
portion, wherein the method includes a sealing step of
forming a sealed composite body by covering target sur-
faces of a composite body of the first electrode plate and
the semiconductor device portion formed by the first
bonding step with resin, the target surfaces being sur-
faces other than a second surface of the first electrode
plate and a second surface of the semiconductor device
portion, and a pressure contact step of bringing a protru-
sion provided on a first surface of a second electrode
plate into pressure contact with the second surface of
the semiconductor device portion of the sealed compos-
ite body.

[0022] According to this configuration, since the sec-
ond electrode plate is not in pressure contact with the
composite body yet in the sealing step, stress generated
in the resin by shrinkage thereof is released so that the
first electrode plate and the semiconductor device portion
do not separate from the resin, whereby reliability of the
semiconductor device is improved.

Further, since a resin coating such as polyamide resin
or polyimide resin need notbe provided, production costs
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are kept low and complexity of production operations is
reduced.

Moreover, since the semiconductor device portion and
the second electrode plate can be connected by bringing
the protrusion provided on the first surface of the second
electrode plate into pressure contact with the second sur-
face of the semiconductor device portion, bonding ma-
terials for bonding the semiconductor device portion and
the second electrode plate and heating steps are no long-
er necessary, whereby production costs can be made
low.

[0023] In the above aspect of the present invention,
preferably, the method includes a heat-dissipating ma-
terial application step of applying a heat-dissipating ma-
terial between the semiconductor device portion and the
second electrode plate.

[0024] According to this configuration, heat generated
in the semiconductor device portion by a large current
flowing therein is dissipated through the heat-dissipating
material from the semiconductor device portion to the
second electrode plate, and thus a large current can flow
between the semiconductor device portion and the sec-
ond electrode plate.

[0025] Another aspect of the present invention made
to solve the problems above provides a semiconductor
device in which a first surface of a first electrode plate is
bonded to a first surface of a semiconductor device por-
tion and a second surface of the semiconductor device
portion is bonded to a first surface of a second electrode
plate, wherein the device includes a sealed composite
body formed by covering target surfaces of a composite
body of the first electrode plate and the semiconductor
device portion with resin, the target surfaces being sur-
faces other than a second surface of the first electrode
plate and the second surface of the semiconductor de-
vice portion, and the resin portion of the sealed composite
body is not bonded to the first surface of the second elec-
trode plate, and is provided further than the first surface
of the second electrode plate toward a side where the
semiconductor device portion is disposed in a direction
of arrangement of the semiconductor device portion and
the second electrode plate.

[0026] In the above aspect of the present invention,
preferably, the second electrode plate includes a through
hole extending through the second electrode plate to
open on its first and second surfaces.

[0027] In the above aspect of the present invention,
preferably, the sealed composite body includes a recess
formed such that the second surface of the semiconduc-
tor device portion is recessed more than a surface of the
resin in a direction of arrangement of the first electrode
plate and the semiconductor device portion, and a bond-
ing layer formed in the recess for bonding the second
surface of the semiconductor device portion and the first
surface of the second electrode plate.

[0028] Another aspect of the present invention made
to solve the problems above provides a semiconductor
device in which a first surface of a first electrode plate is

10

15

20

25

30

35

40

45

50

55

bonded to a first surface of a semiconductor device por-
tion, wherein the device includes a second electrode
plate having a first surface formed with a protrusion to
make pressure contact with a second surface of the sem-
iconductor device portion, and a sealed composite body
formed by covering target surfaces of a composite body
of the first electrode plate and the semiconductor device
portion with resin, the target surfaces being surfaces oth-
er than a second surface of the first electrode plate and
the second surface of the semiconductor device portion,
and the resin portion of the sealed composite body is not
bonded to the first surface of the second electrode plate,
and is provided further than the first surface of the second
electrode plate toward a side where the semiconductor
device portion is disposed in a direction of arrangement
of the semiconductor device portion and the second elec-
trode plate.

EFFECTS OF THE INVENTION

[0029] According to a semiconductor device produc-
tion method and a semiconductor device of the invention,
it is possible to reduce complexity of production opera-
tions and hold production costs low, and achieve en-
hanced reliability of the semiconductor device.

BRIEF DESCRIPTION OF THE DRAWINGS
[0030]

FIG. 1 is a top plan view of a semiconductor device;
FIG. 2 is a cross sectional view taken along a line A-
Ain FIG. 1;

FIG. 3 is a view showing a production method of
Example 1;

FIG. 4 is another view showing the production meth-
od of Example 1;

FIG. 5 is another view showing the production meth-
od of Example 1;

FIG. 6 is a view showing a modified example of the
production method of Example 1;

FIG.7 is another view showing the modified example
of the production method of Example 1;

FIG. 8 is another view showing the modified example
of the production method of Example 1;

FIG.9is another view showing the modified example
of the production method of Example 1;

FIG. 10 is a view showing a production method of
Example 2;

FIG. 11 is another view showing the production
method of Example 2;

FIG. 12 is another view showing the production
method of Example 2;

FIG. 13 is a view showing a modified example of the
production method of Example 2;

FIG. 14 is another view showing the modified exam-
ple of the production method of Example 2;

FIG. 15 is a view showing a joint portion between an
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upper electrode plate and a block electrode plate;
FIG. 16 is a view showing a production method of
Example 3;

FIG. 17 is another view showing the production
method of Example 3;

FIG. 18 is a view showing a production method of
Example 4;

FIG. 19 is another view showing the production
method of Example 4;

FIG. 20 is another view showing the production
method of Example 4;

FIG. 21 is a plan view of a part of a laminated power
module in the production method of Example 4;
FIG. 22 is a cross sectional view taken along a line
B-B in FIG. 21; and

FIG. 23 is a view showing a semiconductor device
produced by the production method of Example 4.

MODE FOR CARRYING OUT THE INVENTION

[0031] Hereinafter, a preferred embodiment of the
present invention will be described in detail with refer-
ence to the accompanying drawings.

First, the overall structure of a semiconductor device will
be described. FIG. 1 is a top view of the semiconductor
device, and FIG. 2 is a cross sectional view taken along
a line A-A in FIG. 1. As shown in FIGs. 1 and 2, the
semiconductor device 1 includes, primarily, a backside
electrode plate 10, a power device 12, an upper electrode
plate 14, an electrode plate block 16, control terminals
18, sealing resin 20, and control lines 22, etc.

[0032] The backside electrode plate 10 is formed in a
generally flat rectangular shape and provided with a bus
bar 24.

The power device 12 is one example of a constituent part
of a semiconductor device portion, i.e., it is a semicon-
ductor switching device for high power switching. In this
embodiment, the power device 12 includes an IGBT 26
(transistor) and a diode 28. FIG. 2 shows the IGBT 26
only to represent the power device 12. The power device
12 is provided with electrodes (not shown) on both sides.
An inner surface 30 of the backside electrode plate 10
(one example of a first surface of a first electrode plate
of the present invention) is bonded to electrodes on a
surface 33 of the power device 12 (one example of a first
surface of a semiconductor device portion of the present
invention) via a solder layer 32.

[0033] The upper electrode plate 14 is formedin a gen-
erally flat rectangular shape and provided with a bus bar
38. An inner surface 40 of this upper electrode plate 14
(one example of a first surface of a second electrode
plate of the present invention) is bonded to a surface 44
of the electrode plate block 16 (one example of a second
surface of a semiconductor device portion of the present
invention) via a solder layer 42. The upper electrode plate
14 may be broughtinto pressure contact with the surface
44 of the electrode plate block 16 as will be described
later. This establishes electrical and thermal connection
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between the upper electrode plate 14 and the electrode
plate block 16. The upper electrode plate 14 may be pro-
vided with a through hole 62 as will be described later
(see FIG. 12).

[0034] The electrode plate block 16 is one example of
a constituent part that forms the semiconductor device
portion with the power device 12. The block 16 is formed
in a rectangular block shape, with a surface 34 being
bonded to electrodes on a surface 37 of the power device
12 via a solder layer 36. In this embodiment, the area of
the surface 34 of the electrode plate block 16 is smaller
than the area of the IGBT 26 or diode 28 so that, for
example, the bonding area between the IGBT 26 and the
electrode plate block 16 is approximately the same as
the size of the electrodes of the IGBT 26.

[0035] A plurality of control electrodes (not shown) are
provided to an end portion of the IGBT 26. The control
lines 22 are connected respectively at one end to these
control electrodes. The control lines 22 are connected to
the control terminals 18 at the other end. For the control
lines 22, for example, aluminum bonding wire is used.
The backside electrode plate 10, upper electrode plate
14, electrode plate block 16, and control terminals 18 are
made of copper sheet that may additionally be plated
with nickel. Alternatively, they may be made of aluminum
sheet plated with nickel.

[0036] The sealingresin20is afluid thermosetting res-
in hardened such as to cover surfaces of the backside
electrode plate 10, solder layer 32, power device 12, sol-
der layer 36, and the electrode plate block 16 (examples
of target surfaces of the present invention) except for an
outer surface 46 of the backside electrode plate 10 (one
example of a second surface of a first electrode plate of
the presentinvention) and the surface 44 of the electrode
plate block 16 so as to seal the space between the back-
side electrode plate 10 and the upper electrode plate 14
and the space surrounding the backside electrode plate
10. An epoxy resin, for example, is used for the sealing
resin 20.

The overall structure of the semiconductor device is as
described above. Hereinafter the method for producing
the semiconductor device will be described.

<Example 1>

[0037] FIGs. 3 to 5illustrate the production method of
Example 1. While FIGs. 3 to 5 show a cross section of a
portion containing the IGBT 26 of the power device 12,
the description below shall apply also to a cross section
of a portion containing the diode 28.

[0038] First, as shown in FIG. 3, the inner surface 30
of the backside electrode plate 10 is bonded by soldering
to the surface 33 of the power device 12 (one example
of a first bonding step of the present invention), and the
surface 37 of the power device 12 is bonded by soldering
to the surface 34 of the electrode plate block 16. Thereby,
the backside electrode plate 10, solder layer 32, power
device 12, solder layer 36, and the electrode plate block
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16 are laminated upon one another in this order. Control
electrodes (not shown) provided at an end portion of the
IGBT 26 are connected to the control terminals 18 via
the control lines 22. A composite body 50 shown in FIG.
3 is formed through the process described above.
[0039] Next, as shown in FIG. 4, the composite body
50 is covered with the sealing resin 20 by transfer mold-
ing, potting, or the like, to seal the surrounding space of
the composite body 50. At this time, the outer surface 46
of the backside electrode plate 10 is not covered with the
sealing resin 20.

[0040] In transfer molding, in particular, the outer sur-
face 46 of the backside electrode plate 10 is closely con-
tacted to a mold when injecting fluid resin into the mold
so that the fluid resin does not flow onto the outer surface
46 of the backside electrode plate 10. Thus the outer
surface 46 of the backside electrode plate 10 is not cov-
ered with the sealing resin 20. On the other hand, a suf-
ficient clearance is given between the surface 44 of the
electrode plate block 16 and the mold so that the fluid
resin can flow therein to cover the surface 44 of the elec-
trode plate block 16 with the sealing resin 20. This pre-
vents interference between the composite body 50 and
the mold due to variations in height of various constituent
parts of the composite body 50.

[0041] When the high-temperature fluid resin hardens
into the sealing resin 20, the resin 20 undergoes shrink-
age due to cure shrinkage or heat shrinkage. However,
the upper electrode plate 14 is not bonded onto the com-
posite body 50 yet so that the sealing resin 20 has an
open surface 52. Therefore, stress generated in the seal-
ing resin 20 due to shrinkage thereof is released and no
stress that would cause separation is applied to the bond-
ed portion between the backside electrode plate 10 and
the sealing resin 20. Similarly, separation does not occur
in the bonded portion between the power device 12 and
the sealing resin 20 and in the bonded portion between
the electrode plate block 16 and the sealing resin 20,
either.

[0042] Next, as shown in FIG. 5, the sealing resin 20
present on the side of the surface 44 of the electrode
plate block 16 is removed by grinding to a height where
the surface 44 of the electrode plate block 16 is exposed.
A sealed composite body 54 is thus formed as shown in
FIGs. 4 and 5 described above (one example of a sealing
step of the present invention).

[0043] Subsequently, the upper electrode plate 14 is
bonded to the surface 44 of the electrode plate block 16
of the sealed composite body 54 (one example of a sec-
ond bonding step of the present invention). The semi-
conductor device 1 described above and shown in FIG.
2 is produced through the process described above. In
the example shown in FIG. 2, the upper electrode plate
14 and the electrode plate block 16 are bonded together
by soldering, so that the solder layer 42 is formed.
[0044] As the upper electrode plate 14 is bonded to
the surface 44 of the electrode plate block 16, the upper
electrode plate 14 is electrically and thermally bonded to
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the electrode plate block 16. Care should be taken during
the bonding so thatthe sealing resin 20 does not undergo
degeneration. Care should also be taken so that no sep-
aration occurs in the bonded portion between the elec-
trode plate block 16 and the sealing resin 20, bonded
portion between the power device 12 and the sealing
resin 20, and bonded portion between the backside elec-
trode plate 10 and the sealing resin 20. Care should also
be taken so that the solder layers 32 or 36 do not undergo
melting and/or degeneration.

[0045] In this example, a low-melting-point solder hav-
ing a melting point lower than that of the solder used for
the solder layer 32 or 36 and lower than a heat proof
temperature of the sealing resin 20 could be considered
foruse as the solder layer 42. This will prevent the sealing
resin 20 from undergoing degeneration during bonding,
prevent bonded portions between various constituent
parts of the sealed composite body 54 and the sealing
resin 20 from undergoing separation, and prevent the
solder layer 32 or 36 from undergoing melting and/or de-
generation.

[0046] Bonding methods using ultrasonic bonding,
bonding methods that achieve bonding using conductive
adhesives, bonding methods based on bonding tech-
niques using Ag nano-particles or micro-based silver ox-
ide particles, or bonding methods using screw fastening
or rivet connection could be considered as other methods
for bonding the upper electrode plate 14 and the elec-
trode plate block 16.

[0047] As described above, in this example, the sur-
rounding space of the composite body 50 before bonding
the upper electrode plate 14 to the electrode plate block
16 is sealed with the sealing resin 20 to form the sealed
composite body 54. Then, the upper electrode plate 14
is bonded to the electrode plate block 16. Therefore, sep-
aration in the bonded portion between the backside elec-
trode plate 10 and the sealing resin 20 due to shrinkage
of the sealing resin 20 can be prevented. Similarly, sep-
aration in the bonded portion between the power device
12 and the sealing resin 20, and separation in the bonded
portion between the electrode plate block 16 and the seal-
ing resin 20 can also be prevented.

[0048] Further, in this example, since the sealed com-
posite body 54 is formed without the upper electrode plate
14 bonded to the electrode plate block 16, the sealing
resin 20 is not bonded to the inner surface 40 of the upper
electrode plate 14. Therefore, even though the sealing
resin 20 undergoes shrinkage during the production proc-
ess of the semiconductor device 1 or in thermal cycles
under usage environments of the semiconductor device
1,the stress is nottrapped inthe sealing resin 20 between
the backside electrode plate 10 and the upper electrode
plate 14. Accordingly, separation in the bonded portions
between the backside electrode plate 10, power device
12, or electrode plate block 16 and the sealing resin 20
can be prevented.

[0049] This in turn means that the intimate contact be-
tween the backside electrode plate 10, power device 12,
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or electrode plate block 16 and the sealing resin 20 can
be ensured without providing a coating of resin such as
polyamide resin or polyimide resin, whereby reliability of
the semiconductor device 1 can be improved while the
complexity of production operations is reduced and pro-
duction costs are kept low.

[0050] Further, in this example, the sealing resin 20 is
provided further than the inner surface 40 of the upper
electrode plate 14 toward the side where the electrode
plate block 16 is disposed in a direction of arrangement
of the electrode plate block 16 and the upper electrode
plate 14, and not provided on the side of an outer surface
48 (one example of a second surface of a second elec-
trode plate of the present invention) further than the inner
surface 40 of the upper electrode plate 14. Therefore the
amount of use of the sealing resin 20 can be reduced,
which leads to a reduction in the cost of the sealing resin
and in the weight of the semiconductor device 1.
[0051] Whenthe semiconductordevice 1isused under
a usage environment with a large temperature difference
or when the semiconductor device 1 is large, thermal
stress is accordingly large, so that there is a possibility
that separation may occur in bonded portions between
various parts such as the electrode plate block 16 and
the sealing resin 20. In such cases, polyamide resin 56
could be provided beforehand to parts prone to separa-
tion.

[0052] More specifically, after forming the composite
body 50 shown in FIG. 3 as described above, polyamide
resin 56 is applied from a dispenser 58 around the elec-
trode plate block 16 (electrode plate block 16 and the
power device 12) as shown in FIG. 6. Next, the space
surrounding a composite body 59 provided with the
polyamide resin 56 is sealed with the sealing resin 20 as
shown in FIG. 7, after which the sealing resin 20 and the
polyamide resin 56 are ground to form a sealed compos-
ite body 61 with the surface 44 of the electrode plate
block 16 being exposed as shown in FIG. 8, and then the
upper electrode plate 14 is bonded to the electrode plate
block 16 as shown in FIG. 9.

A semiconductor device 2 is thus produced.

[0053] Stress due to cure shrinkage tends to remain
slightly in the sealing resin 20 around the electrode plate
block 16. Depending on the usage conditions of the sem-
iconductor device 1, there is a possibility that separation
may occur in the bonded portion between the electrode
plate block 16 and the sealing resin 20. Therefore, pro-
vision of the polyamide resin 56 around the electrode
plate block 16 as shown in FIGs. 6 to 9 can positively
suppress separation in the bonded portion between the
electrode plate block 16 and the sealing resin 20. Alter-
natively, polyamide may be applied over a wider area on
the upper surface 30 to enhance the intimate contact
between the upper surface 30 of the backside electrode
plate 10 and the sealing resin 20.

[0054] In this example, the polyamide resin 56 can be
provided easily to the electrode plate block 16 only by
dropping a stock solution of the polyamide resin 56 from
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the dispenser 58 to the composite body 50 before bond-
ing the upper electrode plate 14. Limited application of
the polyamide resin 56 by the dispenser 58 to only around
the electrode plate block 16 can maximally reduce the
amount of use of the polyamide resin 56. Also, because
of the application of a stock solution of the polyamide
resin 56 in a dropping manner from the dispenser 58, the
stock solution of the polyamide resin 56 does not scatter
around. Also, the application of the stock solution of the
polyamide resin 56 using the dispenser 58 in a dropping
manner prevents the stock solution of the polyamide res-
in 56 before being dropped from contacting ambient air
and absorbing moisture, i.e., prevents the stock solution
of the polyamide resin 56 before being dropped from be-
ing contaminated by a foreign substance adhered there-
to, so that the stock solution of polyamide resin 56 inside
the dispenser 58 can almost entirely be used, whereby
the material cost of the polyamide resin 5 can be made
low. Moreover, since the application surface of the polya-
mide resin 56 can be visually checked directly from a
vertical direction, defectinspection of the polyamide resin
56 is carried out with good operation efficiency.

It should be noted here that a polyimide resin may be
used instead of the polyamide resin 56.

<Example 2>

[0055] FIGs. 10 to 12 are diagrams showing the pro-
duction method of Example 2.

Example 2 has a characteristic feature in the method of
bonding by soldering between the upper electrode plate
14 and the electrode plate block 16 of the production
method of Example 1. More specifically, the sealed com-
posite body 54 is preheated by a pre-heater 60 as shown
in FIG. 10. The preheating here is done at a temperature
lower than the melting point of the solder used for the
solder layer 32 or 36 and lower than a heat proof tem-
perature of the sealing resin 20. For example, if the melt-
ing point of the solder used for the solder layer 32 or 36
is equal to or higherthan 230°C and not exceeding 260°C
and the heat proof temperature of the sealing resin 20 is
180°C, then the sealed composite body 54 is preheated
at a temperature equal to or higher than 120°C and lower
than 180°C.

[0056] The upper electrode plate 14 is then mounted
on the sealed composite body 54. The upper electrode
plate 14 should preferably be preheated by a pre-heater
or the like (not shown) before being mounted on the
sealed composite body 54 and should be kept heated
with hot air or the like even after being mounted on the
sealed composite body 54.

[0057] Next, asshowninFIG. 11, molten solderis sup-
plied from a dispenser 63 through a through hole 62 ex-
tending through the upper electrode plate 14 to open on
the inner surface 40 and the outer surface 48 thereof.
The solder used here is either the same solder as that
used for the solder layer 32 or 36, or a solder having a
more or less the same melting point. For example, if the
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melting point of the solder used for the solder layer 32 or
36 is equal to or higher than 230°C and not exceeding
260°C, the same solder could be used, or, a solder having
a melting point of 140°C or higher and not exceeding
210°C could be used as the solder having a more or less
the same melting point.

[0058] As such solder is supplied in a molten state
through the through hole 62, while the temperature of the
surface 44 of the electrode plate block 16 is lower than
the melting point of the solder being supplied from the
through hole 62, remaining heat helps the solder in a
molten state to spread by a capillary force as it gradually
sets between the upper electrode plate 14 and the elec-
trode plate block 16 to form the solder layer 42. Since
redundant solder spills out of the through hole 62, the
dispenser 63 can have lower control accuracy of the sup-
ply amount of the solder.

[0059] Any oxide film that may be formed on the sur-
face 44 of the electrode plate block 16 or the surface 40
of the upper electrode plate 14 will inhibit soldering be-
tween the electrode plate block 16 and the upper elec-
trode plate 14. Therefore, preheating of the sealed com-
posite body 54 and heating during soldering are carried
outin an atmosphere of a reductive gas such as a mixture
of nitrogen and hydrogen so as to remove any oxide film
on the surface 44 of the electrode plate block 16. Alter-
natively, since there are no points with a potential differ-
ence in or near the soldered portion between the upper
electrode plate 14 and the surface 44 of the electrode
plate block 16 because any such points with a possible
potential difference in the sealed composite body 54 are
sealed with the sealing resin 20 and not exposed, a flux
material may be mixed beforehand in the solder to be
injected from the through hole 62, or a flux material may
be applied beforehand on the surface 44 of the electrode
plate block 16 by spraying or with a brush, so as to chem-
ically remove any oxide film on the surface 44 of the elec-
trode plate block 16.

Also, the solder layer 42 can be formed at the same time
as degassing under a reduced pressure so as to prevent
formation of voids inside the solder layer 42.

[0060] Next,the outersurface 48 ofthe upperelectrode
plate 14 is surface-finished. More specifically, any redun-
dant solder that has spilled out of the through hole 62
onto the outer surface 48 of the upper electrode plate 14
could be molten and removed with a soldering iron heated
to a temperature higher than the melting point of the sol-
der, or, could be removed by cutting using a cutter. A
semiconductor device 3 is produced through the process
described above as shown in FIG. 12.

[0061] Asdescribedabove, inthis example, the sealed
composite body 54 is preheated to a temperature lower
than the melting point of the solder used for the solder
layer 32 or 36 and lower than the heat proof temperature
of the sealing resin 20 before forming the solder layer
42. Therefore, the same solder as that used for the solder
layer 32 or 36, or a solder having a more or less the same
melting point, can be used for the solder layer 42. Ac-
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cordingly, there is no need to use a low-melting-point
solder that is expensive and may have poor bondability,
and so high bondability is achieved in the solder layer 42
while production costs are kept low.

[0062] There could be a modified example as shown
in FIGs. 13 to 15. First, as shown in FIG. 13, the sealed
composite body 54 is preheated by the pre-heater 60
similarly to FIG. 10. Meanwhile, solder is applied to the
inner surface 40 of the upper electrode plate 14 as shown
in FIG. 14, and the upper electrode plate 14 is heated to
a temperature higher than the melting point of the solder
with a heater 64 to keep the solder in a molten state.
Application of solder on the inner surface 40 of the upper
electrode plate 14 could be achieved, for example, by
dropping the solder in a molten state onto the inner sur-
face 40 of the upper electrode plate 14, or by placing the
solder in the form of a sheet on the inner surface 40 of
the upper electrode plate 14.

[0063] With the sealed composite body 54 preheated
by the pre-heater 60, while keeping the upper electrode
plate 14 warm with hot air so that its temperature does
not drop, it is inverted in a short period of time to deposit
the solder in a molten state on the inner surface 40 of
the upper electrode plate 14 upon the surface 44 of the
electrode plate block 16 to bond them. The semiconduc-
tor device 1 shownin FIG. 2 described above is produced
through the process described above.

[0064] In such a modified example, too, the same sol-
der as that used for the solder layer 32 or 36, or a solder
having a more or less the same melting point, can be
used for the solder layer 42, and therefore high bonda-
bility is achieved in the solder layer 42 while production
costs are kept low.

The solderin a molten state spreads between the surface
44 of the electrode plate block 16 and the inner surface
40 of the upper electrode plate 14 by a capillary force as
it gradually sets, and forms the solder layer 42.

Further, since there is no need to provide the through
hole 62 in the upper electrode plate 14, production costs
can be made even lower.

<Example 3>

[0065] Let us now assume that the surface 44 of the
electrode plate block 16 is coplanar with the surface 66
of the sealing resin 20, or that the surface 44 of the elec-
trode plate block 16 is protruded more than the surface
66 of the sealing resin 20, in the sealed composite body
54. In these cases, if the solder layer 42 is formed be-
tween the surface 44 of the electrode plate block 16 and
the inner surface 40 of the upper electrode plate 14, a
gap 68 is formed between the inner surface 40 of the
upper electrode plate 14 and the surface 66 of the sealing
resin 20 as shown in FIG. 15. With such a gap 68 present,
when the upper electrode plate 14 is subjected to an ex-
ternal force, the solder layer 42 may be subjected to a
large stress due to forces acting thereon in directions of
arrows in FIG. 15.
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[0066] Therefore, inthis example, the surface 44 of the
electrode plate block 16 is made lower than the surface
66 of the sealing resin 20 so that the surface 44 of the
electrode plate block 16 is recessed more than the sur-
face 66 in a direction of arrangement of the power device
12 and the electrode plate block 16 to provide a recess
70 in the sealed composite body 54 as shown in FIG. 16.
The solder layer 42 is formed in this recess 70 to bond
the upper electrode plate 14 and the electrode plate block
16 together.

[0067] Thereby, there is no gap 68 formed between
the inner surface 40 of the upper electrode plate 14 and
the surface 66 of the sealing resin 20 as shown in FIG.
17. Since the upper electrode plate 14 is supported on a
surface 72 of the solder layer 42 and the surface 66 of
the sealing resin 20, no large stress is generated in the
solder layer 42 even when the upper electrode plate 14
receives any external force.

[0068] For the sealing resin 20, a material having a
substantially equal linear expansion coefficient as the
backside electrode plate 10 and the electrode plate block
16 should preferably be used. Thereby, the thermal
stress caused by expansion and contraction of the seal-
ing resin 20 in thermal cycles under usage environments
ofthe semiconductor device will be reduced. Accordingly,
the intimate contact between the electrode plate 10 or
the electrode plate block 16 and the sealing resin 20 can
be maintained, as well as the bond between the upper
electrode plate 14 and the electrode plate block 16 can
be maintained.

[0069] If the solder layer 42 has a thickness greater
than 200 pwm, the impact of a difference in linear expan-
sion coefficient between the solder used for the solder
layer42 and the sealingresin 20, and the impact of setting
shrinkage during soldering, will be larger. This will in turn
increase the impact of the thermal stress caused by ex-
pansion and contraction of the sealing resin 20 in thermal
cycles under usage environments of the semiconductor
device. Thus, the bond between the upper electrode plate
14 and the electrode plate block 16 may not be main-
tained. Therefore, the thickness of the recess 70 should
preferably be 200 pum or less.

[0070] Further,apocket74 canbe providedinthe seal-
ing resin 20 for allowing any redundant solder to escape
so as to eliminate the possibility that redundant resin
spills out of the recess 70 and enters between the inner
surface 40 of the upper electrode plate 14 and the surface
66 of the sealing resin 20.

Alternatively, adhesive (not shown) may be applied be-
tween the upper electrode plate 14 and the sealing resin
20 to enhance the intimate contact strength between the
upper electrode plate 14 and the sealing resin 20.
[0071] Preferably, hard components such as glass or
inorganic material should be added to the sealing resin
20 to increase its hardness. Thereby, the cutting amount
of the electrode plate block 16 can selectively be made
larger than the cutting amount of the sealing resin 20
when the electrode plate block 16 and the sealing resin
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20 are ground under the same condition (for example by
milling), so that the recess 70 can be formed easily.

<Example 4>

[0072] FIGs. 18 to 21 are diagrams showing the pro-
duction method of Example 4.

This example is distinguished from Example 1 in that the
upper electrode plate 14 and the electrode plate block
16 are not bonded together, but are brought into pressure
contact with each other, to form the semiconductor de-
vice 1.

[0073] More specifically, first, a heat-dissipating sili-
cone grease 76 is applied on the surface 44 of the elec-
trode plate block 16 and the surface 66 of the sealing
resin 20 around the surface 44 of the electrode plate block
16 in the sealed composite body 54 as shown in FIG. 18
with a brush or a dispenser, or by screen printing or metal
mask printing (one example of a heat-dissipating material
application step of the present invention).

[0074] Next, the upper electrode plate 14 is placed on
the surface 44 of the electrode plate block 16 on the side
on which the heat-dissipating silicone grease 76 has
been applied as shown in FIG. 19. The upper electrode
plate 14 at this time is provided with a protrusion 78 on
the inner surface 40 thereof.

[0075] Next, this pre-pressure contact composite body
82 is inserted in between respective cooling tubes 84 of
a double-sided cooler as shown in FIG. 20. At this time,
heat-dissipating silicone grease (not shown) is applied
on an outer surface 48 of the upper electrode plate 14
and an outer surface 46 of the backside electrode plate
10, on which an insulating substrate 80 is placed, which
is also applied with heat-dissipating silicone grease (not
shown).

[0076] Next, respective cooling tubes 84 are mounted
in a housing 88 to produce a laminated power module
90 asshowninFIGs.21and 22. Here, pressureis applied
to the laminated power modules 90 through the cooling
tubes 84 by a spring (not shown). An external force is
thereby applied to the pre-pressure contact composite
body 82, whereby the protrusion 78 on the upper elec-
trode plate 14 breaks through the heat-dissipating sili-
cone grease 76 to make pressure contact with the elec-
trode plate block 16 (one example of a pressure contact
step of the present invention). A semiconductor device
4 shown in FIG. 23 is produced from the pre-pressure
contact composite body 82 through the process de-
scribed above. FIG. 21 is a plan view of part of the lam-
inated power module 90, and FIG. 22 is a cross sectional
view taken along a line B-B in FIG. 21.

[0077] As described above, in this example, the pro-
trusion 78 is provided on the upper electrode plate 14 to
make pressure contact with the electrode plate block 16
so as to connect the upper electrode plate 14 and the
electrode plate block 16 electrically and thermally.
[0078] As the bonding material for bonding the upper
electrode plate 14 and the electrode plate block 16 and
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the heating step are no longer necessary, production
costs can be kept low. Moreover, heat generated in the
electrode plate block 16 by a large current flowing therein
is dissipated through the heat-dissipating silicone grease
76 from the electrode plate block 16 to the upper elec-
trode plate 14, and thus a large current can flow between
the upper electrode plate 14 and the electrode plate block
16. In an application where the amount of heat generated
in connected portions between the upper electrode plate
14 and the electrode plate block 16 is low, there could
be an example in which no heat-dissipating silicone
grease 76 is provided.

[0079] When bringing the upper electrode plate 14 into
pressure contact with the electrode plate block 16 with
the protrusion 78, they may be temporarily fixed with ad-
hesive applied between the inner surface 40 of the upper
electrode plate 14 and the surface 66 of the sealing resin
20, with care being taken not to break the electrical con-
nection between the upper electrode plate 14 and the
electrode plate block 16. This can prevent any misalign-
ment in relative positions of the upper electrode plate 14
and the electrode plate block 16.

[0080] If the height of the protrusion 78 of the upper
electrode plate 14 is greater than 50 um, the heat-dissi-
pating silicone grease 76 present between the upper
electrode plate 14 and the electrode plate block 16 will
have too high a thermal resistance and may inhibit heat
dissipation of the power device 12. On the other hand, if
the height of the protrusion 78 of the upper electrode
plate 14 is smaller than several pm, the protrusion will
be smaller than an inorganic filler (not shown) having
heat conductivity and added in the heat-dissipating sili-
cone grease 76, because of which the upper electrode
plate 14 may not be able to make pressure contact with
the electrode plate block 16 because of the inorganic
filler stuck between the upper electrode plate 14 and the
electrode plate block 16. Therefore, the height of the pro-
trusion 78 of the upper electrode plate 14 should prefer-
ably be more than several pum and not exceeding 50 pm.
[0081] In order to make sure the protrusion 78 of the
upper electrode plate 14 can break through the heat-
dissipating silicone grease 76 as well as suppress ab-
normal heat generation by a current flowing through a
contact between itself and the electrode plate block 16,
the protrusion 78 should preferably have a size set within
a range from about 1 mm x 1 mm to 8 mm x 8 mm. The
protrusion 78 of the upper electrode plate 14 should pref-
erably have a conical tip. One upper electrode plate 14
may not necessarily have just one protrusion 78 and may
be provided with two or more protrusions 78. Such pro-
trusion(s) 78 of the upper electrode plate 14 can easily
be formed by forging, grinding, or etching. It could also
be formed by wire bonding using aluminum or gold, or
by attaching a high-conductivity metal piece by ultrasonic
bonding or with conductive resin, or brazing, press-fitting,
or the like.

[0082] Note, a conductive paste may be applied in-
stead of the heat-dissipating silicone grease 76. Alterna-
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tively, a carbon sheet with a cut-out in a portion corre-
sponding to the protrusion 78 of the upper electrode plate
14 may be used. A carbon sheet, in particular, with carbon
fibers oriented along a thickness direction to have im-
proved heat conductivity, is preferable for the carbon
sheet.

[0083] Further, a pocket 86 (see FIG. 23) can be pro-
vided in the sealing resin 20 for allowing any redundant
heat-dissipating silicone grease 76 to escape so as to
prevent redundant heat-dissipating silicone grease 76
from spilling out and entering between the inner surface
40 of the upper electrode plate 14 and the surface 66 of
the sealing resin 20. This can positively maintain the in-
timate contact between the upper electrode plate 14 and
the sealing resin 20 and reduce variations in thickness
of the pre-pressure contact composite body 82 after the
pressure contact.

[0084] This example further provides the following ef-
fects similarly to Example 1.

The surrounding space of the composite body 50 before
bringing the upper electrode plate 14 into pressure con-
tact with the electrode plate block 16 is sealed with the
sealing resin 20 to form the sealed composite body 54,
after which the upper electrode plate 14 is brought into
pressure contact with the electrode plate block 16. There-
fore, separation in the bonded portion between the back-
side electrode plate 10 and the sealing resin 20 due to
shrinkage of the sealing resin 20 can be prevented. Sim-
ilarly, separation in the bonded portion between the pow-
er device 12 and the sealing resin 20, and separation in
the bonded portion between the electrode plate block 16
and the sealing resin 20 can also be prevented.

[0085] Further, in this example, since the sealed com-
posite body 54 is formed without the upper electrode plate
14 making pressure contact with the electrode plate block
16, the sealing resin 20 is not bonded to the upper elec-
trode plate 14. Therefore, even though the sealing resin
20 undergoes shrinkage during the production process
of the semiconductor device 4 or in thermal cycles under
usage environments of the semiconductor device 4, the
stress is not trapped in the sealing resin 20 between the
backside electrode plate 10 and the upper electrode plate
14. Accordingly, separation in bonded portions between
the backside electrode plate 10, the power device 12, or
the electrode plate block 16 and the sealing resin 20 can
be prevented.

[0086] This in turn means that the intimate contact be-
tween the backside electrode plate 10, the power device
12, or the electrode plate block 16 and the sealing resin
20 can be ensured without providing a coating of resin
such as polyamide resin or polyimide resin, whereby re-
liability of the semiconductor device 4 can be improved
while the complexity of production operations is reduced
and production costs are kept low.

[0087] Further, the sealing resin 20 is provided further
than the inner surface 40 of the upper electrode plate 14
toward the side where the electrode plate block 16 is
disposed in a direction of arrangement of the electrode
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plate block 16 and the upper electrode plate 14, and not
provided on the side of the outer surface 48 further than
the inner surface 40 of the upper electrode plate 14.
Therefore the amount of use of the sealing resin 20 can
be reduced, which leads to a reduction in the cost of the
sealing resin 20 and in the weight of the semiconductor
device 4.

[0088] The above embodiment merely shows exam-
ples and does not set any limits in the present invention.
It should be understood that the present invention may
be embodied in other specific forms without departing
from the essential characteristics thereof.

DESCRIPTION OF THE REFERENCE SIGNS
[0089]

1 Semiconductor device

10  Backside electrode plate

12 Power device

14 Upper electrode plate

16  Electrode plate block

18  Control terminal

20  Sealing resin
22  Control line
26 IGBT

28 Diode

30 Inner surface
32  Solder layer
33  Surface

34  Surface

36  Solder layer

37  Surface

38  Bus bar

40 Inner surface
42  Solder layer
44  Surface

46  Outer surface
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48  Outer surface

50 Composite body

52  Surface

54  Sealed composite body

56  Polyamide resin

58 Dispenser

59  Composite body

60 Pre-heater

61  Sealed composite body

62  Through hole

64  Heater

66  Surface

70  Recess

72  Surface

76  Heat-dissipating silicone grease

78  Protrusion

82  Pre-pressure contact composite body
84  Cooling tube

Claims

1. A method of producing a semiconductor device, the

method including a first bonding step of bonding a
first surface of a first electrode plate and a first sur-
face of a semiconductor device portion, and a sec-
ond bonding step of bonding a second surface of the
semiconductor device portion and a first surface of
a second electrode plate,

wherein the method includes a sealing step of form-
ing a sealed composite body by covering target sur-
faces of a composite body of the first electrode plate
and the semiconductor device portion formed by the
first bonding step with resin, the target surfaces be-
ing surfaces other than a second surface of the first
electrode plate and the second surface of the sem-
iconductor device portion, and

the second bonding step is performed after the seal-
ing step.

The method of producing a semiconductor device
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according to claim 1, wherein the sealing step in-
cludes forming the sealed composite body by cov-
ering the target surfaces of the composite body and
the second surface of the semiconductor device por-
tion with the resin and then removing the resin cov-
ering the second surface of the semiconductor de-
vice portion.

The method of producing a semiconductor device
according to claim 1 or 2, wherein the second bond-
ing step includes heating the sealed composite body
to a temperature that is lower than a heat proof tem-
perature of the resin and lower than a melting point
of afirstbonding material for bonding the first surface
of the first electrode plate and the first surface of the
semiconductor device portion.

The method of producing a semiconductor device
according to claim 3, wherein the second bonding
step includes providing a through hole in the second
electrode plate extending through the second elec-
trode plate to open on its first and second surfaces,
and supplying a second bonding material through
the through hole for bonding the second surface of
the semiconductor device portion and the first sur-
face of the second electrode plate.

The method of producing a semiconductor device
according to claim 3, wherein the second bonding
step includes heating the second electrode plate to
a temperature that is higher than a melting point of
the second bonding material for bonding the second
surface of the semiconductor device portion and the
first surface of the second electrode plate, and ap-
plying the second bonding material to the first sur-
face of the second electrode plate.

The method of producing a semiconductor device
according to any one of claims 1 to 5, wherein

the sealing step includes forming a recess in the
sealed composite body such that the second surface
of the semiconductor device portion is recessed
more than a surface of the resin in a direction of
arrangement of the first electrode plate and the sem-
iconductor device portion, and

the second bonding step includes forming a bonding
layer in the recess for bonding the second surface
of the semiconductor device portion and the first sur-
face of the second electrode plate.

A method of producing a semiconductor device, the
method including a first bonding step of bonding a
first surface of a first electrode plate and a first sur-
face of a semiconductor device portion,

wherein the method includes

a sealing step of forming a sealed composite body
by covering target surfaces of a composite body of
the first electrode plate and the semiconductor de-
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10.

1.

12.

22

vice portion formed by the first bonding step with
resin, the target surfaces being surfaces other than
a second surface of the first electrode plate and a
second surface of the semiconductor device portion,
and

a pressure contact step of bringing a protrusion pro-
vided on a first surface of a second electrode plate
into pressure contact with the second surface of the
semiconductor device portion of the sealed compos-
ite body.

The method of producing a semiconductor device
according to claim 7, wherein the method includes
a heat-dissipating material application step of apply-
ing aheat-dissipating material between the semicon-
ductordevice portion and the second electrode plate.

A semiconductor device in which a first surface of a
first electrode plate is bonded to a first surface of a
semiconductor device portion and a second surface
of the semiconductor device portion is bonded to a
first surface of a second electrode plate, wherein
the device includes a sealed composite body formed
by covering target surfaces of a composite body of
the first electrode plate and the semiconductor de-
vice portion with resin, the target surfaces being sur-
faces other than a second surface of the first elec-
trode plate and the second surface of the semicon-
ductor device portion, and

the resin portion of the sealed composite body is not
bonded to the first surface of the second electrode
plate, and is provided further than the first surface
of the second electrode plate toward a side where
the semiconductor device portion is disposed in a
direction of arrangement of the semiconductor de-
vice portion and the second electrode plate.

The semiconductor device according to claim 9,
wherein

the second electrode plate includes a through hole
extending through the second electrode plate to
open on its first and second surfaces.

The semiconductor device according to claim 9 or
10, wherein

the sealed composite body includes a recess formed
such that the second surface of the semiconductor
device portion is recessed more than a surface of
the resin in a direction of arrangement of the first
electrode plate and the semiconductor device por-
tion, and a bonding layer formed in the recess for
bonding the second surface of the semiconductor
device portion and the first surface of the second
electrode plate.

A semiconductor device in which a first surface of a
first electrode plate is bonded to a first surface of a
semiconductor device portion, wherein
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the device includes

a second electrode plate having a first surface
formed with a protrusion

to make pressure contact with a second surface of
the semiconductor device portion, and

a sealed composite body formed by covering target
surfaces of a

composite body of the first electrode plate and the
semiconductor device portion with resin, the target
surfaces being surfaces other than a second surface
of the first electrode plate and the second surface of
the semiconductor device portion, and

the resin portion of the sealed composite body is not
bonded to the first surface of the second electrode
plate, and is provided further than the first surface
of the second electrode plate toward a side where
the semiconductor device portion is disposed in a
direction of arrangement of the semiconductor de-
vice portion and the second electrode plate.
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FIG. 14

EP 2 533 275 A1

64

27

40



FIG. 15

68

14

20

16

68



EP 2 533 275 A1

FIG. 16
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FIG. 17
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FIG. 20

80

’ N 72 Iy

i Srvmrrres
(oo laeaer =/ S SN

(S

80

3y w!\\\\\\\\\\\
i

L)

80

33



EP 2 533 275 A1

FIG. 21

L/
= >84
1
D s o
—— ]

AN

i

PRESSURE
APPLICATION

34



EP 2 533 275 A1
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